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Introduction
Water is a constrained natural resource and in many areas of the planet water shortage is considered to be one of the most critical issues to be resolved. More than 25% of the world population lives in dry or semi-arid areas and water supply chain management and optimization is evolving as one of the most difficult and urgent problems, since the water's demand and availability vary significantly from year to year, seasonally and even daily. In recent decades, water shortage, flood event, unreliable water supply, and poor water quality have been considered as major obstacles to sustainable water resources development in water shed systems. These have led to a variety of adverse impacts on the socioeconomic development and human life. One of the major reasons for these disasters is the lack of efficient, equitable and sustainable water resources management as well as effective policy instructions from decision makers. Furthermore, the environmental dimension of the water resources management should be taken into account in order to assess and avoid any unsustainable water supplies and allocations. Consequently, effective planning of water resources management is important for facilitating sustainable socio-economic development in watershed systems. However, such a planning effort is often complicated with a number of social, economic, environmental, technical, and political factors.
Many researchers have worked on the application of the game theory in developing policies for water resources allocation. Water allocation is a very complex issue involving social, economic, environmental, and political factors. Ideally, the water allocation is economically efficient and technically feasible as well as socially fair. Subsequently, a water allocation model often has to consider multiple objectives. As to the algorithm of water allocation model, a linear programming is usually used to resolve the optimization model for analyzing inter-seasonal allocations of irrigation water (Salman et al. 2001 ) [1] . Genetic algorithms (GA) were introduced by Wardlaw and Bhaktikul for real time allocation of irrigation water supplies as an optimization approach [2] . Reca et al. developed an economic optimization model for water resources planning in deficit irrigation system [3] . Similarly, Shangguan et al. developed a model for regional optimal allocation of irrigation water under deficit irrigation based on decomposition-harmonization principles of large systems and applied the model at Yangling, a semi-arid region on the Loess Plateau, China [4] . Mohammed et al. developed a coupled hydrologic-economic spreadsheet water-allocation model which was used by both agriculture and environmental sectors for the Murray-Darling Basin (Australia) with various policy scenarios [5] .
Goetz et al. proposed a set of rules to allocate irrigation water to different agricultural agents with single-peaked preferences and the application in the Ebro Basin (Spain) show that the designed sequential rules are able to substantially improve the efficiency of the currently rule in context of severe scarcity of water and/or high administrative water prices [6] .
Recently, Shirangi et al. developed an algorithm combining a multi-objective genetic algorithm (GA)-based optimization model and a water quality simulation model for determining a trade-off curve between objectives related to the allocated water quantity and quality [7] . The solution of the trade-off curve was selected using the Young bargaining theory. To evaluate the efficiency of the model, it was applied to the 15-Khordad reservoir in the central part of Iran. Niksokhan et al. designed a game theory-based methodology for estimating equitable and efficient treatment cost allocation among dischargers in a river system considering their conflicting interests [8] . They also considered different coalitions among dischargers. Bazargan-Lari et al. and Kerachian et al. proposed two conflict resolution models for conjunctive use of surface and groundwater resources considering the water quality issues [9, 10] . They applied their models to the Tehran Aquifer in the Tehran metropolitan area. Mahjouri and Ardestani developed a cooperative game theoretic methodology for interbasin water transfer management [11] . They applied their model to a large-scale inter-basin water allocation problem in Iran. The players of the game included three major water users in two different basins. The main objective of their model was to supply the three competing users through operating a shared reservoir and transferring its water to a different basin in a fair, efficient, and environmentally sustainable way. Sadegh et al. developed a new methodology based on crisp and fuzzy Shapley games for optimal allocation of inter-basin water resources [12] . Chein-Shung Hwang proposes a mechanism for integrating multiple criteria into the Collaborative Filtering (CF) algorithm. Specifically, he presents the implementation of Genetic Algorithms (GA) for optimal feature weighting [13] . Shifei Ding et al. make a brief survey on Artificial Neural Networks (ANNs) optimization with Genetic Algorithms (GAs) [14] .
China is a water scarce country, the total amount of fresh water resources 2.8 trillion m3. It only accounts for 6% of total global water resources, rank fourth in the world, but per capita is only 2300 m3, only 1/4 of the world average water resources occupancy. Water resources shortage has seriously restricted the sustainable development of China's national economy. Therefore, we must implement the sustainable development of water resources, construct an adjustment mechanism which combination the market mechanisms and national macro command, optimal allocation water resources. So the limited water resources can match our social and economic development as possible.
Rational allocation of water resources is to study how to use water resources efficiency and equity, including water resources development, utilization, protection and management. With the increase of population and socio-economic development, the development of water resources is very high, the shortage of water is very strict, water supply and demand conflict is more and more prominent. How to allocation water resources reasonable, improve water use efficiency in every sections, solve the water use conflict become an urgent problem. Rational allocation the water resources can ease the water shortage problem in a certain extent. It also has a very important significance of sustainable development and utilization of water resources.
The present study aims to develop a water allocation model. The model contributes to the analysis of allocation water resources among different sectors in different cities at the same time. As the model includes social, economic and environmental objectives, GA is employed to optimize the allocation. The results of the model can be used for water resources planning and management, as well as environmental preservation and protection. It also provide a scientific decision-making of scientific project planning, water saving and allocation for Yinchuan City of China.
Methodology 2.1. A Mathematical Model for Regional Water Resources Allocation
The purpose of optimal allocation of water resources is to protect the security of ecological river system and achieve the overall objective of regional economic and social development the economic and social sustainable development, at the same time protecting the economic and social sustainable development. That is, the goal of three facets such as economic, social and ecological environment. The objective function can be expressed as flow:
In this equation, 1 ( ) f X stands for the economic goal, 2 ( ) f X stands for the social goal, 3 ( ) f X stands for the ecological goal.
There are various influence factors in the water resource system, and these factors make the objectives frequently have different dimensions and different proportion scales, and often mutually restrict between them, therefore the optimal allocation of water resource belong to Multi-objective.
Objective Functions
First, an objective function is set up for each of the three major objectives of the optimal allocation of water resources, namely, economic objective, social objective and eco-environmental objective. The three objective functions are then integrated.
Suppose the research district has   represent the benefit order coefficients of water supply in sub-district k from independent water sources i and public water source c , which are related to user type, the order of water supply, and the degree of sub-district influence; k j  represents water fair coefficient of
2) Social objective function The quantization of social objective is not too definite and unified as economic objective. Here the social objective is to minimize the volume of regional water shortage, which well reflects the principle of fairness in water-resource allocation. The objective function is established as follows:
where k j D represents the volume of water demand of user j in sub-district k ( Ten thousand m 3 ).
3) Eco-environmental objective function
The eco-environmental objective is to guarantee ecological water demand and minimize pollutant discharge. Ecological water can be used as one of the constraints, and an equation of minimizing pollutant emission is set up in the objective function. 
where k j d represents the content of pollutants in wastewater discharge of user j in sub-district k (mg/L), which is usually expressed by such water quality index as COD and BOD; k j p represents waste water discharge coefficient of user j in sub-district k .
Constraints Condition
1) Constraint of water supply capacity of the water supply system Constraint of water supply of public water sources:
,
where ( , )
W c k represents the water volume allocated to sub-district k from public water source c ; c W represents the upper limit of water supply of public water source c . Constraint of water supply of independent water sources:
where k i W represents the upper limit of water supply of independent water source i in sub-district k .
2) Constraints of water delivery Constraint of water delivery of independent water sources:
where k ij P represents the upper limit of water delivery of independent water source i in sub-district k to user j .
Constraint of water delivery of public water sources:
where k c P represents the upper limit of water delivery of public water source c to subdistrict k .
3) Constraints of supply-demand change in water consuming system ( )
where , 
  is defined as follows,
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In (10) and (11), 1 2 ,   are defined as follows,
where 0 , P P respectively represent the amount of BOD and COD yielding in the reference year and planning year; 0 , GA GA respectively represent the gross regional product per capita in the reference year and planning year;
  represent the optimal ratios pre-assigned; 1 2 ,   represent the weights.
From (13), we hope that the amount of consumed water of j th plant can meet the planed level. Equation (14) means that the relative increment of polluted matters is less than that of the gross regional product per capita.
5) Non-negative constraints , 0
Solving Multi-Objective Mathematical Model with Genetic Algorithms
It is hard to solve the problem well of large-scale water resource system of multi-water resources and multi-users with traditional planning method. Genetic Algorithms has been thought as probably most fitting for the multi-objective optimization. The ability of dealing with the complicated problems of objective function with discontinuity and multi-peak shape etc strengthens the potential effectiveness of Genetic Algorithms in the aspect of multi-objective searching and optimization. Gen acts on the whole colony, and stresses the conformity of individual at the same time, so the Genetic Algorithms is an effective method to solve the problem of multi-objective optimization.
There are three basic tasks involving the genetic algorithms, namely, coding, fitness evaluation, and genetic operation. The decision variables for the optimization problem are first identified and then coded using binary coding into string like structures called chromosome. The length of the chromosome depends on the desired accuracy of the solution. Corresponding fitness function is next derived from the objective functions and is used in successive genetic operations. Fitness function is taken as directly proportional to the objective function. evaluated, the population is operated by the genetic operation which consists of three basic operators; selection or reproduction, crossover, and mutation. Their algorithms are described below [17] .
(1) Selection or reproduction operator: Selection is a process in which individual strings are copied according to their fitness values. Selection starts from ranking the strings in descending order according to their fitness values. The best individuals are always selected into a mating pool based on the selection indices. The decided amount of least fit strings is then eliminated. They are subsequently replaced by the duplicates of the fittest individuals to fill up the mating pool (a tentative new population, for further genetic operators' action). The amount of least fit strings to be eliminated is decided in percentage.
(2) Crossover operator: A crossover operator partially exchanges some bits between a random mated pair of selected strings from the mating pool, resulting in two new offspring that preserve the best material from their two parent strings. The new offspring are expected to have better fitness values than both of their parent strings. The number of swapping strings is approximately designed by probability of crossover (Pc).
(3) Mutation operator: Mutation is the occasional random alteration of the value of a string position, performs on a bit-bybit basis with small probability (Pm) equal to the mutation rate. In a floating point, mutation changes the floating-point number to another value inside the domain. When mutation is used sparingly with selection and crossover, it is an insurance policy against premature loss of important notions. The mutation operator plays a secondary role in the GA.
The newly created population is further evaluated and tested for termination to decide the maximum number of generations. The population is iteratively operated further by the above three operators and evaluated until termination criterion of preset maximum number of generations is met. The process of GA for optimizing the model is illustrated in Fig. 1 . 
Case Study
Yinchuan City is located at east longitude 105°49′～106°53′, northern latitude 37°29′～38°53′, the study area include Yinchuan City, Lingwu City, Helan Country and Yongning Country. The total area of Yinchuan City is 9555.38 km2. Yinchuan City is located in the temperate continental climate zone. Which the climate characteristic is four distinct seasons. The annual average precipitation is 200mm, annual mean temperature is 8.5 . ℃ The above model is applied to optimize the allocation of water resources in a region of Yinchuan City. The objective is to lessen the waste of water resources, meet the growing water demand resulted from population growth and economic development. According to optimal allocation of water resources in Yinchuan City planning objectives, the principle is adhering to that the first one is to meet the domestic water and ecologic water, followed by industrial water, agricultural use of water, and other use of water taking into account. In this paper, the water demand in 2008 (Table 1) . Optimization of water allocation schemes was calculated under different levels respectively. Calculated parameters are as follows: population size is 100, the length of chromosome coding is 25, Maximum generation of evolution is 100, Crossover rate is 0.7, Mutation rate is 0.05. The results of optimal allocation of water resources were showed in Table 2 and Table 3 . 
